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(57) ABSTRACT

A de-chuck control method is provided for de-chucking a
workpiece from an electrostatic chuck, which includes a
chuck electrode and electrostatically attracts the workpiece.
The de-chuck control method includes acquiring a time-
integration value of a current by measuring the current
flowing from the chuck electrode for a predetermined time
period after a plasma process is ended and a voltage applied
to the chuck electrode is turned off; calculating a difference
between the time-integration value of the current and an
electric charge charged to the chuck electrode during the
plasma process; calculating a counter voltage according to a
residual charge of the electrostatic chuck based on the
difference and a predetermined correlation between the
time-integration value of the current and a torque acting on
a support pin for supporting the workpiece; and applying the
counter voltage to the chuck electrode while introducing gas
into a processing chamber and generating plasma.

9 Claims, 10 Drawing Sheets
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DE-CHUCK CONTROL METHOD AND
CONTROL DEVICE FOR PLASMA
PROCESSING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a National Stage of Interna-
tional Application No. PCT/JP2013/051654 filed on Jan. 25,
2013, claiming priority based on Japanese Patent Applica-
tion No. 2012-021658 filed on Feb. 3, 2012, and U.S.
Provisional Application No. 61/595,729 filed on Feb. 7,
2012, the entire contents of which are hereby incorporated
by reference.

TECHNICAL FIELD

The present invention relates to a de-chuck control
method and a control device for a plasma processing appa-
ratus.

BACKGROUND ART

A plasma process is often performed under a vacuum
atmosphere by vacuuming gas from a processing chamber.
In such case, a workpiece is placed on a an electrostatic
chuck (ESC) that is arranged on a mounting table within the
processing chamber.

The electrostatic chuck includes a chuck electrode made
of'a conductive sheet and dielectric members arranged at the
front surface and backside surface of the chuck electrode. In
the case of performing a plasma process, a workpiece such
as a wafer is electrostatically attracted to the electrostatic
chuck by a Coulomb force that is generated when a voltage
from a DC voltage supply is applied to the electrostatic
chuck, and the plasma process is performed in such a state.
Also, a heat transfer gas is supplied between a backside
surface of the wafer and the front surface of the electrostatic
chuck. In the case of de-chucking the workpiece from the
electrostatic chuck after the plasma process is ended and the
voltage applied to the electrostatic chuck is turned off; inert
gas is introduced into the processing chamber and the
pressure within the processing chamber is maintained at a
predetermined pressure. In this state, an opposite polarity
voltage of the voltage applied to the electrostatic chuck
during the plasma process is applied to the electrostatic
chuck, and the opposite polarity voltage is turned off there-
after. In this way, a discharge process is performed for
discharging (removing) electric charges in the electrostatic
chuck and the workpiece. Then, support pins are raised to lift
the workpiece from the electrostatic chuck and de-chuck the
workpiece from the electrostatic chuck.

However, the front surface and the backside surface of the
electrostatic chuck change over time. For example, sub-
stances such as reaction products generated during a plasma
process adhere to and gradually accumulate on the front
surface of the electrostatic chuck to form an insulating film.
The accumulated substances are easily charged and tend to
retain the electric charge. Accordingly, the electric potential
of the front surface of the electrostatic chuck may change
over time. In turn, the attraction force of the electrostatic
chuck may change as a result of the accumulated substances.
That is, an electric charge may be accumulated within the
insulating film formed on the front surface of the electro-
static chuck, and a residual charge may remain on the
surface layer of the electrostatic chuck even when the
voltage applied to the electrostatic chuck is turned off. The
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2

residual charge may not be removed even when the above
discharge process is performed. Thus, an electrostatic attrac-
tion force from the residual charge may remain when the
support pins are lifted, and as a result, the workpiece may be
damaged and/or normal loading operations of the workpiece
may be hampered, for example.

In this respect, Patent Document 1 discloses a technique
for pre-emptively avoiding a situation in which a workpiece
such as a wafer is prevented from being de-chucked from the
electrostatic chuck owing to such a residual charge. The
technique involves detecting the state of the residual charge
attracting the wafer upon turning off the voltage applied to
the electrostatic chuck from the DC voltage supply and
lifting the wafer from the electrostatic chuck, and determin-
ing a replacement timing for replacing the electrostatic
chuck based on the detection result. In Patent Document 1,
the state of the residual charge on the electrostatic chuck is
detected based on the torque or rotation speed of a drive
motor for lifting the support pins supporting the wafer.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: Japanese Laid-Open Patent Publication
No. H11-260897

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

However, in Patent Document 1, the state of the residual
charge on the electrostatic chuck is detected from a thrust
load (torque of the drive motor) applied when thrusting the
workpiece (wafer) from the electrostatic chuck with a thrust
mechanism, and the detection is based on the premise that
the thrust load (torque of the drive motor) and the attraction
force of the electrostatic chuck bear a proportional relation-
ship. Also, the wafer is distorted while the wafer is being
lifted by the support pins. In Patent Document 1, measures
are implemented to interrupt the movement of the support
pins, and as a result, the wafer may be prone to damage.
Further, because the technique disclosed in Patent Document
1 involves repeatedly alternating between thrusting the
workpiece according to the torque and stopping the thrusting
operation, a significant amount of time is required and
throughput may be degraded as a result. Therefore, actual
implementation of the technique may not be practicable.

One aspect of the present invention relates to providing a
de-chuck control method and a control device for a plasma
processing apparatus that enable de-chucking a workpiece
from an electrostatic chuck through voltage control of a DC
voltage supply.

Means for Solving the Problem

According to one embodiment of the present invention, a
de-chuck control method is provided for de-chucking a
workpiece from an electrostatic chuck, which includes a
chuck electrode and is configured to electrostatically attract
the workpiece. The de-chuck control method includes the
steps of acquiring a time-integration value of a current based
on a result of measuring the current flowing from the chuck
electrode for a predetermined time period after a plasma
process on the workpiece is ended and a voltage applied to
the chuck electrode during the plasma process is turned off;
calculating a difference between the acquired time-integra-



US 9,466,519 B2

3

tion value of the current and a predetermined electric charge
that is charged to the chuck electrode when the voltage is
applied to the chuck electrode during the plasma process;
calculating a counter voltage according to a residual charge
of the electrostatic chuck based on the calculated difference;
applying the counter voltage to the chuck electrode; and
raising a support pin for supporting the workpiece and
de-chucking the workpiece from the electrostatic chuck after
the counter voltage is applied to the chuck electrode, and
turning off the counter voltage.

According to another embodiment of the present inven-
tion, a control device is provided for a plasma processing
apparatus including an electrostatic chuck, which includes a
chuck electrode and is configured to electrostatically attract
a workpiece. The control device includes an acquisition unit
configured to acquire a time-integration value of a current
based on a result of measuring for a predetermined time
period the current that flows from the electrostatic chuck
after a plasma process on the workpiece is ended and a
voltage applied to the workpiece during the plasma process
is turned off; and a control unit configured to calculate a
difference between the acquired time-integration value of
the current and a predetermined electric charge that is
charged to the electrostatic chuck when the voltage is
applied to the chuck electrode during the plasma process,
calculate a counter voltage according to a residual charge of
the electrostatic chuck based on the calculated difference,
apply the counter voltage to the chuck electrode, raise a
support pin for supporting the workpiece and de-chuck the
workpiece from the electrostatic chuck after the counter
voltage is applied to the chuck electrode, and turn off the
counter voltage.

Advantageous Effect of the Invention

According to an aspect of the present invention, a de-
chuck control method and a control device for a plasma
processing apparatus may be provided that enable de-chuck-
ing of a workpiece from an electrostatic chuck through
voltage control of a DC voltage supply.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an overall configuration of a plasma
processing apparatus according to an embodiment of the
present invention;

FIG. 2 illustrates a principle of a counter voltage used in
a de-chuck control method according to an embodiment of
the present invention;

FIG. 3 illustrates a measuring device according to an
embodiment of the present invention;

FIG. 4 illustrates a functional configuration of a control
device according to an embodiment of the present invention;

FIG. 5 is a flowchart illustrating process steps for execut-
ing the de-chuck control method;

FIG. 6 is a flowchart illustrating process steps of a counter
voltage process according to an embodiment of the preset
invention;

FIG. 7 is a graph illustrating a voltage from a DC voltage
supply and a current flowing from a chuck electrode;

FIG. 8 is a flowchart illustrating process steps of a counter
voltage process according to a modified embodiment;

FIG. 9 illustrates a plasma processing apparatus having a
heater divided into multiple zones according to a modified
embodiment; and
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FIG. 10 illustrates a plasma processing apparatus having
a twin electrode structure according to a modified embodi-
ment.

EMBODIMENTS FOR IMPLEMENTING THE
INVENTION

In the following, embodiments of the present invention
are described with reference to the accompanying drawings.
Note that elements having substantially the same functions
or features may be given the same reference numerals and
overlapping descriptions thereof may be omitted.

In the case of performing a plasma process, a workpiece
such as a wafer is electrostatically attracted to the electro-
static chuck by a Coulomb force that is generated when a
voltage from a DC voltage supply is applied to the electro-
static chuck, and the plasma process is performed in such a
state. In this case, a heat transfer gas is supplied between a
backside surface of the wafer and a front surface of the
electrostatic chuck. In the case of de-chucking the workpiece
from the electrostatic chuck after the plasma process is
ended and the voltage applied to the electrostatic chuck is
turned off, an inert gas such as N, gas or Ar gas is introduced
into the processing chamber and the pressure within the
processing chamber is maintained at a predetermined pres-
sure (e.g. 100-400 mTorr). In this state, an opposite polarity
voltage of the voltage applied to the electrostatic chuck
during the plasma process is applied to the electrostatic
chuck, and the opposite polarity voltage is turned off there-
after. In this process, electric charges in the electrostatic
chuck and the workpiece are discharged (removed). In some
discharge processes, a high frequency power from a high
frequency power supply may be supplied to the processing
chamber to generate plasma while the opposite polarity
voltage is applied to the electrostatic chuck. Typically, the
voltage applied to the electrostatic chuck is turned off after
the discharge process. Then, support pins are raised to lift
the workpiece from the electrostatic chuck and de-chuck the
workpiece from the electrostatic chuck.

However, the front surface and the backside surface of the
electrostatic chuck change over time. For example, sub-
stances such as reaction products generated during a plasma
process adhere to and gradually accumulate on the front
surface of the electrostatic chuck to form an insulating film.
The accumulated substances are easily charged and tend to
retain the electric charge. Accordingly, the electric potential
of the front surface of the electrostatic chuck may change
over time. In turn, the attraction force of the electrostatic
chuck may change as a result of the accumulated substances.
That is, an electric charge may be accumulated within the
insulating film formed on the front surface of the electro-
static chuck, and a residual charge may remain on the
surface layer of the electrostatic chuck even when the
voltage applied to the electrostatic chuck is turned off. The
residual charge may not be removed even when the above
discharge process is performed. Thus, an electrostatic attrac-
tion force from the residual charge may remain when the
support pins are lifted, and as a result, the workpiece may be
damaged or normal loading operations of the workpiece may
be hampered, for example.

In light of the above, measures such as polishing the
surface layer of the electrostatic chuck or cleaning the
interior of the processing chamber may be contemplated to
remove the substances accumulated on the surface of the
electrostatic chuck. However, in some cases, the accumu-
lated substances may not be completely removed even if
such measures are implemented. Moreover, even if the
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accumulated substances can be removed, because the above
measures require exposing the processing chamber to the
atmosphere and removing the electrostatic chuck from the
processing chamber, the apparatus availability may be sub-
stantially decreased. Accordingly, there is a demand for a
technique for electrically de-chucking from an electrostatic
chuck a workpiece that is attracted to the electrostatic chuck
by a residual charge before the workpiece cracks, for
example.

Note that in an electrostatic chuck that has dielectric
members with a volume resistivity of 1x10**** Qcm formed
by thermal spraying, a wafer may be de-chucked by a
conventional wafer de-chucking method using a discharge
process. However, in a Coulomb-type electrostatic chuck
having a volume resistivity of at least 1x10'* Qcm, electric
charges are less likely to escape from the surface layer of the
electrostatic chuck. Thus, the electric charges remain within
the electrostatic chuck thereby making it increasingly diffi-
cult to de-chuck the wafer from the electrostatic chuck by
merely performing a discharge process.

Also, in recent years, a mechanism for performing high
speed temperature adjustment of a surface temperature of
the electrostatic chuck using a heater (referred to as “heater-
embedded electrostatic chuck mechanism™ hereinafter) is
being used. In the heater-embedded electrostatic chuck
mechanism, a member having a relatively high volume
resistivity of at least 1x10'* Qcm is used in the electrostatic
chuck. That is, the heater-embedded electrostatic chuck
mechanism uses a Coulomb-type electrostatic chuck that is
dominated by an electrostatic attraction force. Thus, electric
charges are more likely to remain within the surface layer of
the electrostatic chuck thereby making it increasingly diffi-
cult to de-chuck from the electrostatic chuck a wafer that has
been attracted to the electrostatic chuck by the residual
charge by merely performing a discharge process. Accord-
ingly, as the use of the heater-embedded electrostatic chuck
mechanism becomes more common, the above problems
with regard to the accumulation of reaction products on the
electrostatic chuck surface that results in the residual charge
and the difficulty of de-chucking a workpiece due to a
residual attraction force produced by the residual charge
become more noticeable.

The following descriptions of certain embodiments of the
present invention relate to a de-chuck control method for
de-chucking a workpiece from an electrostatic chuck that
may be implemented even in a case where the heater-
embedded electrostatic chuck mechanism is used and a
plasma processing apparatus including a control device that
is configured to execute such de-chuck control method.

[Overall Configuration of Plasma Processing Apparatus]

First, an overall configuration of a plasma processing
apparatus according to an embodiment of the present inven-
tion is described with reference to FIG. 1.

The plasma processing apparatus 1 illustrated in FIG. 1 is
configured as a RIE (Reactive lon Etching) plasma process-
ing apparatus. The plasma processing apparatus 1 includes a
cylindrical chamber (processing chamber 10) made of a
metal such as aluminum or stainless steel, for example. The
processing chamber 10 is grounded. A plasma process such
as an etching process may be performed on a workpiece
within the processing chamber 10.

A mounting table 12 configured to hold a semiconductor
wafer W (hereinafter, simply referred to as a “wafer W”)
thereon as the workpiece is arranged within the processing
chamber 10. The mounting table 12 may be made of
aluminum, for example, and is supported on a cylindrical
support 16 via an insulating cylindrical holder 14. The
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cylindrical support 16 extends vertically upward from a
bottom of the processing chamber 10. A focus ring 18 that
may be made of quartz, for example, is disposed on a top
surface of the cylindrical holder 14 to surround a top surface
edge of the mounting table 12.

An exhaust path 20 is formed between a sidewall of the
processing chamber 10 and the cylindrical support 16. A
ring-shaped baflle plate 22 is arranged in the exhaust path
20. An exhaust port 24 is formed at a bottom portion of the
exhaust path 20 and is connected to an exhaust device 28 via
an exhaust line 26. The exhaust device 28 includes a vacuum
pump (not shown) and is configured to depressurize a
processing space within the processing chamber 10 to a
predetermined vacuum level. A gate valve 30 configured to
open/close an entry/exit port for the wafer W is provided at
the sidewall of the processing chamber 10.

A high frequency power supply 32 for plasma generation
is electrically connected to the mounting table 12 via a
matching unit 34 and a power feed rod 36. The high
frequency power supply 32 is configured to apply a high
frequency power of 60 MHz, for example, to the mounting
table 12. In this way, the mounting table 12 also acts as a
lower electrode. Further, a shower head 38, which is
described below, is provided at a ceiling portion of the
processing chamber 10. The shower head 38 acts as an upper
electrode of a ground potential. In this way, a high frequency
voltage from the high frequency power supply 32 is capaci-
tatively applied between the mounting table 12 and the
shower head 38.

An electrostatic chuck 40 configured to hold the wafer W
by an electrostatic attractive force is provided on the top
surface of the mounting table 12. The electrostatic chuck 40
includes a chuck electrode 404 that is made of a conductive
film and is arranged between a pair of insulating films or
insulating sheets. A DC voltage supply 42 is electrically
connected to the chuck electrode 40a via a switch 43. The
electrostatic chuck 40 electrostatically attracts and holds the
wafer W by a Coulomb force that is generated upon applying
(turning on) a DC voltage from the DC voltage supply 42 to
the chuck electrode 40a.

In the case of turning off the voltage applied to the chuck
electrode 40qa, the switch 43 is connected to a ground part
44. Note that in the following descriptions, turning off the
voltage applied to the electrostatic chuck electrode 40a
refers to grounding the chuck electrode 40a.

An ammeter 45 is arranged between the chuck electrode
40a and the DC voltage supply 42. The ammeter 45 may
measure the current that flows from the chuck electrode 40a
when the voltage for attracting the wafer W is applied to the
chuck electrode 40a during a plasma process to acquire a
time-integration value of the current. Alternatively, the
ammeter 45 may measure the current that flows when the
voltage is turned off after the plasma process is ended to
acquire the time-integration value of the current.

A heat transfer gas supply source 52 is configured to
supply a heat transfer gas such as He gas or Ar gas to the
backside surface of the wafer W placed on the electrostatic
chuck 40 through a gas supply line 54. The shower head 38
disposed at the ceiling portion of the processing chamber 10
includes an electrode plate 56 having multiple gas holes 56a
and an electrode supporting body 58 configured to detach-
ably hold the electrode plate 56. A buffer chamber 60 is
formed within the electrode supporting body 58. A gas inlet
60a of the buffer chamber 60 is connected to a gas supply
line 64, which is connected to a gas supply source 62. In this
way, desired gas may be supplied to the processing chamber
10 from the gas supply source 62.
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A plurality of support pins 81 (e.g. three) for lifting the
wafer W and passing the wafer to/from an external transfer
arm (not shown) are arranged within the mounting table 12.
The support pins 18 are moved up and down by the power
of a motor 84 transmitted via a link member 82. Bellows 83
are arranged at through holes for the support pins 81. The
support pins 81 penetrate through the processing chamber 10
toward the exterior via the through holes. The bellows 83 are
configured to maintain airtightness between the interior of
the processing chamber 10, which is under a vacuum, and
the external atmosphere.

A magnet 66 is arranged to extend annularly or concen-
trically around the processing chamber 10. An RF electric
field may be formed in a plasma generating space between
the shower head 38 and the mounting table 12 within the
processing chamber 10 along a vertical direction by the high
frequency power supply 32, and high-density plasma may be
generated around the front surface of the wafer W.

A coolant path 70 is formed within the mounting table 12.
A coolant cooled to a predetermined temperature is supplied
to and circulated within the coolant path 70 from a chiller
unit 71 via pipes 72 and 73. Also, a heater 75 is embedded
within the electrostatic chuck 40. A desired AC voltage is
supplied to the heater 75 from a AC power supply (not
shown). In this way, the processing temperature for process-
ing the wafer W placed on the electrostatic chuck 40 may be
adjusted to a desired temperature though cooling by the
chiller unit 71 and heating by the heater 75. Note that in
some embodiments, the heater 75 does not have to be
provided. In other embodiments, the heater 75 may be
adhered to a lower side surface of the electrostatic chuck 40
using an adhesive layer, for example.

A control device 100 is configured to control the indi-
vidual components of the plasma processing apparatus 1
such as the gas supply source 62, the exhaust device 28, the
heater 75, the DC voltage supply 42, the switch 43, the
matching unit 43, the high frequency power supply 32, the
heat transfer gas supply source 52, the motor 84, and the
chiller unit 71. The control device 100 also acquires the
current value and the time-integration value of the current
detected by the ammeter 45 as needed. The control device
100 may be connected to a host computer (not shown), for
example.

The control device 100 includes a CPU (Central Process-
ing Unit), a ROM (Read Only Memory), and a RAM
(Random Access Memory), which are not shown. The CPU
executes a plasma process according to various recipes
stored in a storage area of the above memory. The recipes
include apparatus control information according to process
conditions, such as processing time, temperatures within the
processing chamber (upper electrode temperature, side wall
temperature of the processing chamber, lower electrode
temperature, etc.), pressure (gas exhaust), high frequency
power to be applied, voltage to be applied to the chuck
electrode 40aq, flow rates of various processing gases, and
the flow rate of the heat transfer gas, for example.

When performing an etching process using the plasma
processing apparatus 1 having the above-described configu-
ration, first, the gate valve 30 is opened, and the wafer W is
loaded into the processing chamber 10 while being held by
a transfer arm. Then, the wafer W is lifted from the transfer
arm by the support pins 81 protruding from the front surface
of the electrostatic chuck 40 protruding from the surface of
the electrostatic chuck 40, and the wafer W is held on the
support pins 81. Then, after the transfer arm exits the
processing chamber 10, the support pins 81 are lowered into
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the electrostatic chuck 40 so that the wafer W may be placed
on the electrostatic chuck 40.

After the wafer W is loaded, the gate valve 30 is closed.
Then, an etching gas is introduced into the processing
chamber 10 from the gas supply source 62 at a predeter-
mined flow rate, and the internal pressure of the processing
chamber 10 is reduced to a predetermined pressure by the
exhaust device 28 and stabilized at this pressure. Further, a
high frequency power of a certain power level is applied to
the mounting table 12 from the high frequency power supply
32. Also, a DC voltage from the DC voltage supply 42 is
applied to the chuck electrode 40a so that the wafer W may
be fixed to the electrostatic chuck 40. The heat transfer gas
supply source 52 supplies a heat transfer gas such as He gas
or Ar gas to the backside surface of the wafer W that is
placed on the electrostatic chuck 40 via the gas supply line
54. The etching gas sprayed into the processing chamber 10
from the shower head 38 is excited into plasma by the high
frequency power from the high frequency power supply 32.
As a result, plasma is generated within a plasma generating
space between the upper electrode (shower head 38) and the
lower electrode (mounting table 12). A main surface of the
wafer W is etched by radicals and ions contained in the
generated plasma.

After plasma etching is completed and the wafer W is to
be de-chucked from the electrostatic chuck 40, the supply of
the heat transfer gas is turned off, and the voltage applied to
the chuck electrode 40q is turned off. Then, an inert gas is
introduced into the processing chamber 10 and the pressure
within the processing chamber 10 is maintained at a prede-
termined pressure. In this state, an opposite polarity voltage
of the voltage applied to the chuck electrode 40a during the
plasma process (etching process) is applied to the chuck
electrode 40a and the opposite voltage is turned off there-
after. In this way, a discharge process is performed for
discharging (removing) electric charges in the electrostatic
chuck 40 and the wafer W. In this state, the support pins 81
are raised to lift the wafer W from the electrostatic chuck 40.
After the gate valve 30 is opened and the transfer arm is
introduced into the processing chamber 10, the support pins
81 are lowered and the wafer W is held on the transfer arm.
Subsequently, the transfer arm exits the processing chamber
10, and a next wafer W is loaded into the processing
chamber 10 by the transfer arm. By repeating the above-
described process, wafers W may be successively processed.
An overall configuration of the plasma processing apparatus
according to an embodiment of the present invention has
been described above.

[Counter Voltage Principle]

Next, a principle of a counter voltage used in a wafer
de-chuck control method according to an embodiment of the
present invention is described with reference to FIG. 2. Note
that “S1” of FIG. 2 illustrates a state of the electrostatic
chuck 40 before an insulating film is formed, “S2” of FIG.
2 illustrates a state of the electrostatic chuck 40 after an
insulating film is formed thereon such that a wafer W is
attracted to the electrostatic chuck 40 by a residual charge,
and “S3” of FIG. 3 illustrates a state of the electrostatic
chuck 40 when a counter voltage is applied thereto.

For example, when a voltage of 2.5 kW from the DC
voltage supply 42 is applied to the chuck electrode 40a, an
electric charge (positive charge in the present example) is
charged to the chuck electrode 40a. When no substances are
accumulated on the surface layer of the chuck electrode 40a
and the insulating layer is not yet formed as illustrated in
“S1” of FIG. 2, the wafer W is charged with a negative
charge corresponding to the positive charge in the chuck
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electrode 40a due to gas discharge of gas within the pro-
cessing chamber 10. In this way, the wafer W is electro-
statically attracted to the electrostatic chuck 40. In the case
of de-chucking the wafer W, first, the output of the DC
voltage supply 42 is set to 0 kW, and the chuck electrode 40a
is connected to the ground part 44 by the switch 43 illus-
trated in FIG. 1. In this way, the charge in the chuck
electrode 40a may be discharged. Also, the charge in the
wafer W may be discharged through gas discharge of gas
within the processing chamber 10. In this way, the potential
difference between the wafer W and the electrostatic chuck
40 may be eliminated and the wafer W may be de-chucked
from the electrostatic chuck 40.

However, deposits from plasma damage and reaction
products generated during a plasma process gradually accu-
mulate on the surface layer of the electrostatic chuck 40 to
thereby form an insulating film 41a on the electrostatic
chuck 40. As the insulating film 41a gets thicker as illus-
trated in “S2” and “S3” of FIG. 2, an electric charge may be
accumulated within the insulating film 41a. For example,
“S2” of FIG. 2 illustrates a case where a negative charge is
accumulated in the insulating film 41a.

In such a state, a part of the charge of the insulating film
41a is attracted to the positive charge of the wafer W and
another part of the charge of the insulating film 41a is
attracted to the positive charge of the electrostatic chuck 40
such that a balanced state is created as a whole. In this case,
the wafer W is attracted to the electrostatic chuck 40 by the
residual charge. Note that a positive charge also remains
within the chuck electrode 40a. The positive charge remain-
ing within the chuck electrode 40a corresponds to the
electric charge accumulated in the chuck electrode 40a when
the voltage is applied to the chuck electrode 40a that remains
within the chuck electrode 40a to balance out a part of the
residual charge. The charge of the chuck electrode 40a
increases in proportion to the total residual charge. In this
state, the backside surface and the front surface of the wafer
are polarized.

Accordingly, a residual attraction force is generated
between the wafer W and the surface of the electrostatic
chuck 40. As a result, the wafer may not be de-chucked from
the electrostatic chuck 40 even when the support pins 81 are
raised, and in some cases, the wafer W may be damaged by
the support pins 81. Moreover, the charge on the surface of
the electrostatic chuck 40 may not be removed by a normal
discharge process.

In light of the above, in the present embodiment, a counter
voltage is applied to the chuck electrode 40a to prevent a
residual attraction force from being generated between the
wafer W and the electrostatic chuck 40 surface. As illus-
trated in “S3” of FIG. 2, a counter voltage refers to a voltage
that is applied to the chuck electrode 40a from the DC
voltage supply 42 so as to prompt gas discharge and control
the electric charge of the electrostatic chuck 40 surface to be
zero by balancing out a negative charge corresponding to the
total amount of residual charge with a positive charge of the
chuck electrode 40a. In this state, the backside surface and
the front surface of the wafer W are not polarized. Thus, the
residual attraction force between the wafer W and the
electrostatic chuck 40 surface may be reduced to zero, the
potential difference between the wafer W and the electro-
static chuck 40 may be eliminated, and the wafer W may be
de-chucked from the electrostatic chuck 40.

Note that in the example described above, it is assumed
that a negative charge is accumulated in the insulating film
41a. However, this is merely an illustrative example, and in
other examples, a positive charge may be accumulated in the
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insulating film 414, or both positive and negative charges
may be accumulated in the insulating film 41a.

[Counter Voltage Determination Method]

Next, a method of determining the counter voltage to be
used in the wafer de-chuck control method according to the
present embodiment is described. As described above in
connection with the principle of the counter voltage, a
positive charge is accumulated in the chuck electrode 40a in
proportion to the total amount of negative residual charge
accumulated in the insulating film 41a to balance out the
residual charge.

In a case where the electrostatic chuck 40 is free of
residual charge, a time-integration value Qon of a current
that flows for a predetermined time period when a prede-
termined voltage V, for attracting the wafer W placed on the
electrostatic chuck 40 is applied to the chuck electrode 40a
is equal to a time-integration value Qoff of a current that
flows for a predetermined time period when the voltage is V,
turned off as indicated by the following formula (1).

Qon=Qoff (€8]

Note that because the voltage V, is known, the capaci-
tance Co between the wafer W and the chuck electrode 40a
may be obtained by the following formula (2).

Co=Qon/V, 2)

In the case where a residual charge resides within the
electrostatic chuck 40, a charge for balancing out the
residual charge remains within the chuck electrode 40a even
after the voltage applied to the chuck electrode 40q is turned
off. Thus, a time-integration value Q'off of a current that
flows for a predetermined time when the voltage is turned off
in this case is reduced accordingly. A difference between the
time-integration value Q'off and the time-integration value
Qoff may be obtained by calculating the following formula
(3). The calculated value corresponds to a difference charge
AQ that is charged to the chuck electrode 40a due to the
residual charge.

AQ=Qon-Q'off 3)

Because the difference charge AQ is proportional to the
amount of residual charge, by obtaining the correlation
between the difference charge AQ and a total amount Q of
residual charge beforehand in a counter voltage experiment
described below, the capacitance Co obtained by the above
formula (2) may be used to determine the counter value V.,
as indicated by the following formula (4). That is, the
correlation between the difference charge AQ and the coun-
ter voltage V_ may be obtained.

V =residual charge total amount Q/Co=aAQ/Co (au:
constant)

Q)

[Counter Voltage Experiment]

Next, an experiment for obtaining the counter voltage V_
based on the correlation between the difference charge AQ
charged to the chuck electrode 40a by the residual charge
and the total amount Q of the residual charge is described
with reference to FIG. 3. FIG. 3 illustrates a measuring
device 200 according to an embodiment of the present
invention.

The measuring device 200 includes an ionizer 202, an
ammeter 204, a surface electrometer 206, a motor 208, an
exhaust device 212, the electrostatic chuck 40, and the DC
voltage supply 42.

In the present experiment, the ionizer 202 charges an
electric charge on the electrostatic chuck 40 surface to
generate a pseudo residual charge. In this state, the motor
208 is driven and the wafer W is lowered to be placed
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directly above the electrostatic chuck 40. Also, application
of a voltage from the DC voltage supply 42 to the chuck
electrode 40a of the electrostatic chuck 40 may be turned on
or off. The wafer W is lifted by the motor 208 while the
voltage is applied to the chuck electrode 40a and the voltage
applied upon de-chucking the wafer W from the electrostatic
chuck 40 is monitored. Also, the ammeter 204 arranged
between the chuck electrode 40a and the DC voltage supply
42 is used to monitor the time-integration value of a current
that flows from the chuck electrode 40a for a predetermined
time period when application of the voltage to the chuck
electrode 40a is turned on or off. The interior of the
measuring device 200 may be depressurized by the exhaust
device 212.

While the electrostatic chuck 40 is free of residual charge,
application of the voltage V, to the chuck electrode 40a is
turned on and then off; and the time-integration value of the
current is monitored. In this way, the time-integration value
Qon and the capacitance Co are obtained based on formulas
(1) and (2). Then, after a pseudo residual charge of a
predetermined total amount Q is generated on the electro-
static chuck 40 surface by the ionizer 202, the wafer W is
placed on the electrostatic chuck 40, application of the
voltage to the chuck electrode 40q is turned on and then off,
the time-integration value Q'off of the current that flows for
a predetermined time period after the voltage is turned off is
monitored, and the difference charge AQ is obtained based
on formula (3). Also, the voltage applied to the chuck
electrode 40a is gradually changed to a greater value, and
operations of lifting the wafer W in accordance with the
applied voltage are repeated. The voltage applied when the
wafer W is de-chucked from the electrostatic chuck 40 is
assumed to be the counter voltage V_ corresponding to the
predetermined total amount Q of residual charge. By obtain-
ing the counter voltage V_ corresponding to different pre-
determined total amounts Q of the residual charge, the
correlation between the difference charge AQ and the coun-
ter voltage V_ (value of o) may be obtained, and formula (4)
may be determined. In this way, the correlation between the
difference charge AQ and the counter voltage V_ may be
obtained.

In the above, a wafer de-chuck control method using a
counter voltage is illustrated in connection with the principle
of the counter voltage, the determination method of the
counter voltage, and the counter voltage experiment. In the
following, the de-chuck control method for de-chucking the
wafer W from the electrostatic chuck 40 using the counter
voltage is described in greater detail. Specifically, first, a
functional configuration of the control device 100 that
executes the de-chuck control method of the present
embodiment is described with reference to FIG. 4. Next,
operations of the de-chuck control method of the present
embodiment are described with reference to FIG. 5. FIG. 4
is a block diagram illustrating the functional configuration of
the control device 100 according to the present embodiment.
FIG. 5 is a flowchart illustrating process steps of the
de-chuck control method according to the present embodi-
ment.

[Control Device Functional Configuration]

The control device 100 controls operations of the plasma
processing apparatus 1. Note that the following descriptions
relate primarily to functions of the control device 100 for
executing the de-chuck control method of the present
embodiment for de-chucking the wafer W from the electro-
static chuck 40. The control device 100 as illustrated in FIG.
4 includes a process execution unit 105, an acquisition unit
110, a control unit 115, and a storage unit 120.
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The process execution unit 105 selects a desired process
recipe from a plurality of recipes stored in the storage unit
120 and executes a process according to the selected process
recipe. In the present example, an etching process is
executed. The process execution unit 105 may also execute
a cleaning process according to a cleaning recipe stored in
the storage unit 120.

The acquisition unit 110 acquires a time-integration value
Q'off of a current as a measurement result by measuring, for
a predetermined time period, the current that flows from the
chuck electrode 40a after a voltage applied to the chuck
electrode 40a during a plasma process is turned off.

The control unit 115 calculates the counter voltage V.
corresponding to the difference charge AQ between the
time-integration value Q'off acquired by the acquisition unit
110 and the predetermined time-integration value Qon of the
current that flows when the voltage is applied to the chuck
electrode 40a while the electrostatic chuck 40 is free of
residual charge. The control unit 115 introduces an inert gas
into the processing chamber 10 and applies the counter
voltage V_ to the chuck electrode 40a. Further, in a de-chuck
control operation described below, the control unit 115 may
execute processes such as voltage control (HV voltage
control) of the voltage from the DC voltage supply 42,
calculation of the counter voltage, lift control of the support
pins 81, and determination of a start condition of a counter
voltage process, for example.

The storage unit 120 stores recipes including a plurality of
process recipes for executing an etching process, and a
cleaning recipe for executing a cleaning process, for
example. The storage unit 120 also stores the time-integra-
tion value Qon of the current that flows when the voltage is
applied to the chuck electrode 40a while the electrostatic
chuck 40 is free of residual charge, the capacitance Co
between the wafer W and the chuck electrode 40a, and the
correlation between the difference charge AQ charged to the
chuck electrode 40a by the residual charge and the counter
voltage V. The storage unit 120 may be implemented by a
RAM and a ROM using a semiconductor memory, a mag-
netic disk, or an optical disk, for example. The recipes may
be stored in a storage medium and read into the storage unit
120 via a driver (not shown), for example. Alternatively, the
recipes may be downloaded to the storage unit 120 via a
network (not shown), for example. Also, note that a DSP
(digital signal processor) may be used instead of the CPU to
implement the various functions of the above components,
for example.

Note that the functions of the control device 100 may be
implemented by software, hardware, or a combination
thereof.

In the above, the functional configuration of the control
device 100 that executes the de-chuck control method
according to the present embodiment has been described. In
the following, operations of the de-chuck control method
controlled by the control device 100 using the above func-
tions of the control device 100 are described with reference
to FIG. 5.

[Control Device Operations: De-Chuck Control Method]

After a wafer W is loaded into the processing chamber 10
and a plasma process is started, a process gas is introduced
into the processing chamber 10 and the pressure within the
processing chamber 10 is maintained at a predetermined
pressure (step S100). Then, a high frequency power is
introduced into the processing chamber 10 to generate
plasma (step S101). After the plasma is generated, a voltage
is applied to the chuck electrode 40a to prompt the wafer W
to be electrostatically attracted to the electrostatic chuck 40
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(step S102). Then, a heat transfer gas is supplied between the
wafer W backside surface and the electrostatic chuck 40
surface, and the plasma process is performed for a prede-
termined time in this state (step S103). After the plasma
process is completed, the supply of the process gas and the
high frequency power is turned off (step S104), the supply
of the heat transfer gas is turned off (step S105), an inert gas
is introduced into the processing chamber 10, and the
pressure within the processing chamber 10 is maintained at
a predetermined first pressure (e.g. 100-400 mTorr) (step
S106). Then, after turning off the voltage applied to the
chuck electrode 40a, the time-integration value Q'off of a
current that flows from the chuck electrode 404 is measured
for a predetermined time period (step S107).

Then, an opposite polarity voltage of the voltage applied
to the chuck electrode 40a during the plasma process is
applied to the chuck electrode 40a (step S108), and the
opposite polarity voltage is turned off thereafter (step S109).
Then, a counter voltage process is performed (step S110).

Note that the above steps S108 and S109 correspond to
process steps executed in a general discharge process. FIG.
6 described below illustrates process steps of a discharge
process using a counter voltage according to the present
embodiment. Also, the predetermined time period for mea-
suring the current and acquiring the time-integration value
Q'off of the current is described below.

FIG. 6 is a flowchart illustrating a counter voltage process
according to the present embodiment. When the counter
voltage process is started, the time-integration value Q'off of
the current flowing from the chuck electrode 40a calculated
in step S107 and the time-integration value Qon of the
current when no residual charge is present stored in the
storage unit 120 are applied to the above formula (3) to
calculate the difference charge AQ charged to the chuck
electrode 40a by the residual charge (step S200).

Then, the difference charge AQ calculated in step S200,
the capacitance Co between the wafer W and the chuck
electrode 40a stored in the storage unit 120, and the corre-
lation between the difference charge AQ and the counter
voltage V_ (constant ) are applied to the above formula (4)
to calculate the counter voltage V. (step S202).

For example, a waveform illustrated at the upper side of
FIG. 7 represents the waveform of a current that flows to the
ammeter 45, and a waveform illustrated at the lower side of
FIG. 7 represents corresponding on/off voltage values of the
chuck electrode 40a. According to the waveform of the
current at the upper side of FIG. 7, the voltage from the DC
voltage supply 42 applied to the chuck electrode 40a is
turned off at time T,. Immediately thereafter, the ammeter 45
detects a first current peak. At time T, the opposite polarity
voltage is supplied from the DC voltage supply 42 and
applied to the chuck electrode 40a. At this time, the ammeter
45 detects a second current peak. At time T,, the opposite
polarity voltage that is supplied from the DC voltage supply
42 and applied to the chuck electrode 40a is turned off. At
this time, the ammeter 45 detects a third current peak.

Time T, corresponds to a given time point after the
opposite polarity voltage is turned off at time T,. The
time-integration value Q'off of the current flowing from the
chuck electrode 40a may be acquired by measuring, for a
predetermined time period from time T, to time T,, a
time-integration value of the current that flows after a
plasma process is ended and the voltage applied to the chuck
electrode 40a is turned off (time T,). Alternatively, the
time-integration value Q'off of the current flowing from the
chuck electrode 40a may be acquired by measuring, for a
predetermined time period from time T, to time T;, a
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time-integration value of the current that flows when the
opposite polarity voltage is turned off (time T,). The pre-
determined time period during which the current is mea-
sured for acquiring the time-integration value Q'off of the
current may be selected from a time range until the first
current peak or the third current peak is reduced by approxi-
mately 20-80%. In the present embodiment, the time-inte-
gration value Q'off of the current is acquired by measuring
the time-integration value of the current flowing for at least
the predetermined time period from time T, to time T, or at
least the predetermined time period from time T, to time T5.
For example, the predetermined time period producing a
more favorable correlation between the difference charge
AQ and the counter voltage V_ may be used.

Referring to the waveform at the lower side of FIG. 7, a
voltage from the DC voltage supply 42 is applied to the
chuck electrode 40a once again when a plasma process is
performed on a next wafer W (time T,), and the voltage
applied to the chuck electrode 40q is turned off after the
plasma process (time Ts). The time-integration value Q'off
of the current is acquired once again using the ammeter 45
to measure the time-integration value of the current flowing
for a predetermined time period selected from time T to
time T,. In this way, the time-integration value Q'off of the
current is measured with respect to each wafer W, and
feedback control of the counter voltage is repetitively per-
formed based on the measurement result as described below.

After the counter voltage V_ is calculated in step S202,
gas is introduced into the processing chamber 10 to generate
plasma (step S204), and the counter voltage V_ is applied to
the chuck electrode 40a (step S206). In this way, the electric
charge of the electrostatic chuck 40 surface may be con-
trolled to be zero and the residual attraction force between
the wafer W and the electrostatic chuck 40 surface may be
reduced to zero so that the wafer W may be de-chucked from
the electrostatic chuck 40.

Then, the support pins 81 for supporting the wafer W
placed on the electrostatic chuck 40 are raised (step S208),
and the counter voltage is turned off (step S210). In this way,
the counter voltage process of the present embodiment may
be completed.

As described above, in the de-chuck control method
according to the present embodiment, after a plasma process
is completed, a discharge process is performed, and a
counter voltage process is performed thereafter. In this way,
the wafer W may be de-chucked from the electrostatic chuck
40.

When de-chucking the wafer W from the electrostatic
chuck 40 by feedback controlling the voltage of the DC
voltage supply 42, the time consumed for such feedback
control operation is approximately 1 second. Thus, execut-
ing the counter voltage process according to the present
embodiment may not raise substantial concerns over pos-
sible degradation of throughput. Also, the wafer W may be
de-chucked from the electrostatic chuck 40 even in an
emergency case where the wafer W cannot be de-chucked
due to the residual charge despite performing the discharge
process of applying the opposite polarity voltage, for
example. Further, in the de-chuck control method according
to the present embodiment, the electrical attraction force of
the voltage to be generated may be determined before lifting
the wafer W using the support pins 81, and thus, the risk of
damaging the wafer W may be reduced.

Note that in the present embodiment, the wafer W is
de-chucked by executing the counter voltage process and
feedback control of the counter voltage regardless of the
calculated value of the counter voltage. However, in some
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embodiments, an abnormality may be detected when the
calculated counter voltage exceeds a predetermined thresh-
old value, and operation of the plasma processing apparatus
1 may be stopped, for example.

Also, note that in the present embodiment, upon turning
on (applying) the counter voltage, gas is introduced into the
processing chamber 10 to generate plasma. In this case, the
gas introduced into the processing chamber 10 is preferably
an inert gas. Also, in some embodiments, instead of or in
addition to generating plasma, DC discharge may be
prompted.

Control Device Operations
Modified Embodiment

In the embodiment described above, feedback control is
unconditionally performed in the counter voltage process
with respect to every wafer W. However in some embodi-
ments, the counter voltage process may be performed in a
case where a start condition is satisfied, and the counter
voltage process may not be performed when the start con-
dition is not satisfied.

FIG. 8 illustrates process steps of a counter voltage
process according to a modification of the above embodi-
ment. In the counter voltage process illustrated in FIG. 8,
step S212 is added to the counter voltage process illustrated
in FIG. 6. In step S212, a determination process is performed
relating to a start condition of the counter voltage process.
Note that other process steps of FIG. 8 are identical to those
of FIG. 6.

That is, in the counter voltage process according to the
present modified embodiment, after calculating the differ-
ence charge AQ by executing step S200, the process moves
to step S212 where a determination is made as to whether the
calculated difference charge AQ exceeds a predetermined
threshold value. When it is determined that the difference
charge AQ exceeds the threshold value, process steps for
calculating the counter voltage V_ and applying the calcu-
lated counter voltage V_ to the chuck electrode 40a are
performed (steps S202-S210). When it is determined that the
difference charge AQ is less than or equal to the threshold
value, the process is ended without applying a counter
voltage to the chuck electrode 40a.

According to the present modified embodiment, in the
case where the difference charge AQ exceeds the threshold
value, it may be determined that the wafer W cannot be
easily de-chucked due to the residual attraction force acting
on the wafer W, and a discharge process using the counter
voltage needs to be performed. On the other hand, in the case
where the difference charge AQ is less than or equal to the
threshold value, it may be determined that the residual
attraction force is not so strong and the discharge process
using the counter voltage need not be performed.

That is, step S212 corresponds to a start condition of the
counter voltage process. For example, the counter voltage
process may not be performed after the electrostatic chuck
40 surface is cleaned by a waferless cleaning process so that
the start condition is no longer satisfied. In the present
modified embodiment, the counter voltage process is not
started until the electrostatic chuck 40 surface is altered and
the insulating film 41a grows to a predetermined thickness.
Once the insulating film 41a reaches the predetermined
thickness, the counter voltage process may be automatically
started. In this way, unnecessary process operations may be
omitted and energy resources may be conserved.
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Note that the determination of step S212 relating to
whether the time-integration value of a current exceeds a
predetermined threshold value may be executed in wafer
units (in units of a predetermined number of the workpieces
to be processed) as in the above modified embodiment, or in
lot units, for example.

According to certain aspects of the de-chuck control
methods of the present embodiment and the modified
embodiment, by controlling the counter voltage supplied
from the DC voltage supply, the water W may be easily
de-chucked from the electrostatic chuck 40. In this way,
even when it becomes increasingly difficult to de-chuck the
wafer W from the electrostatic chuck 40 due to the alteration
of'the electrostatic chuck 40 surface, a time may be extended
before an error occurs as a result of a failure to de-chuck the
wafer W. In turn, wafer loss may be reduced and the
apparatus operation rate may be increased, for example.

Although illustrative embodiments of a de-chuck control
method and a control device for a plasma processing appa-
ratus according to the present invention have been described
above with reference to the accompanying drawings, the
present invention is not limited to these embodiments. That
is, numerous variations and modifications will readily occur
to those skilled in the art, and the present invention includes
all such variations and modifications that may be made
without departing from the scope of the present invention.

For example, as illustrated in FIG. 9, a plasma processing
apparatus according to a modified embodiment of the pres-
ent invention may have the heater 75 divided into at least
three zones, and the chuck electrode 40qa divided according
to the divided zones of the heater 75. The heater 75 may be
arranged within the electrostatic chuck 40 or near the
electrostatic chuck 40. In FIG. 9, the heater 75 is embedded
in the electrostatic chuck 40. The heater 75 is divided into a
center zone 75al, a middle zone 7542 arranged concentri-
cally around the outer periphery of the center zone 7541, and
an edge zone 75a3 arranged at the outermost periphery. In
accordance with the divided zones of the heater 75, the
chuck electrode 40a is divided into a center chuck electrode
40a1, a middle chuck electrode 4042, and an edge chuck
electrode 40a3. The center chuck electrode 4041, the middle
chuck electrode 40a2, and the edge chuck electrode 4043 are
respectively connected to a DC voltage supply 42a1, a DC
voltage supply 4242, and a DC voltage supply 4243.

In this way, a counter voltage V. may be calculated with
respect to each of the zones corresponding to the center
chuck electrode 4041, the middle chuck electrode 4042, and
the edge chuck electrode 40a3. Accordingly, the counter
voltage V_ may be adjusted according to the residual charge
of each zone of the electrostatic chuck 40. For example, in
a case where a relatively large residual attraction force due
to the residual charge is only present within the outermost
edge zone region of the electrostatic chuck 40, a counter
voltage may only be applied to the outermost edge zone
region. In this way, even when the residual charge within a
plane has an uneven distribution, the wafer W may be
de-chucked from the electrostatic chuck 40 without causing
cracks or damage to the wafer W.

Also, a plasma processing apparatus according to another
modified embodiment of the present invention may have a
twin electrode structure as illustrated in FIG. 10, for
example. Referring to FIG. 10, the electrostatic chuck 40
includes twin chuck electrodes 40a4 and 4045. That is, two
identically-shaped sheets of electrodes are arranged within
or on the surface of the electrostatic chuck 40. Electric
charges of opposite polarities are charged to the twin chuck
electrodes 40a4 and 4045 by applying voltages of opposite
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polarities thereto. In the twin electrode structure, the volt-
ages applied to the twin chuck electrodes 40a4 and 4045 are
normally relatively low. Accordingly, electrical damage to
the wafer W may be reduced.

A DC voltage supply 78 and a DC voltage supply 79 are
connected to the twin chuck electrodes 40a4 and 4045,
respectively. In this way, a counter voltage V_, may be
calculated with respect to each of the twin chuck electrodes
4004 and 4045. That is, the counter voltage V. may be
adjusted according to the residual charge of each of the twin
chuck electrodes 40a4 and 4045 of the electrostatic chuck
40.

Note that although a plasma etching process is described
above as an exemplary plasma process executed by the
plasma processing apparatus, application of the present
invention is not limited to a plasma processing apparatus
that executes a plasma etching process but may also be
applied to plasma processing apparatuses that execute other
processes such as a plasma CVD (chemical vapor deposi-
tion) process for forming a film on a wafer, a plasma
oxidation process, a plasma nitridation process, sputtering,
and ashing, for example.

Also, note that the plasma processing apparatus of the
present invention is not limited to a parallel-plate type
etching apparatus that generates capacitively coupled
plasma (CCP) by discharging a high frequency generated
between parallel plate electrodes within a chamber. For
example, the present invention may also be applied to an
inductively coupled plasma (ICP) processing apparatus that
has an antenna arranged near or on a top surface of a
chamber and is configured to generate inductively coupled
plasma under a high frequency induction field, and a micro-
wave plasma processing apparatus, or some other type of
plasma processing apparatus that generates plasma waves
using microwave power, for example.

Also, the workpiece subject to a plasma process in the
present invention is not limited to a semiconductor wafer but
may be a large substrate for a flat panel display (FPD), an
electroluminescence (EL) element, or a substrate for a solar
battery, for example.

Further, in a de-chuck control method according to an
embodiment of the present invention, the current measured
for the predetermined time period may correspond to a
current that flows immediately after the voltage applied to
the chuck electrode is turned off.

Also, the current measured for the predetermined time
period may correspond to a current that flows immediately
after an opposite polarity voltage that is applied to the chuck
electrode is turned off.

Also, the time-integration value of the current measured
for the predetermined time period may be measured by an
ammeter arranged between the chuck electrode and a DC
voltage supply.

Also, the de-chuck control method may further include a
step of determining whether the difference is greater than a
predetermined threshold value, and the counter voltage may
be applied to the chuck electrode when the difference is
determined to be greater than the threshold value.

The determination of whether the difference is greater
than the predetermined threshold value may be executed in
lot units or in units of a predetermined number of the
workpieces to be processed.

Also, a heater may be arranged within or near the elec-
trostatic chuck, the heater may be divided into a plurality of
zones, the chuck electrode and a DC voltage supply may be
provided for each of the zones, and the counter voltage may
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be calculated for each of the chuck electrodes of each of the
zones and applied to each of the chuck electrodes of each of
the zones.

Also, the chuck electrode may be divided into twin
electrodes, a DC voltage supply may be provided for each of
the twin electrodes, and the counter voltage may be calcu-
lated for each of the twin electrodes and applied to each of
the twin electrodes.

Also, the predetermined time period may be selected from
a time range after the voltage applied to the chuck electrode
is turned off until a peak of the current that flows from the
chuck electrode reaches 20-80%.

The present application is based on and claims the benefit
of priority of Japanese Patent Application No. 2012-021658
filed on Feb. 3, 2012, and U.S. Provisional Application No.
61/595,729 filed on Feb. 7, 2012, the entire contents of
which are herein incorporated by reference.

DESCRIPTION OF THE REFERENCE
NUMERALS

1 plasma processing apparatus
10 processing chamber

12 mounting table (lower electrode)
28 exhaust device

32 high frequency power supply
40 shower head (upper electrode)
40 electrostatic chuck

40a chuck electrode

41a insulating film

42 DC voltage supply

43 switch

44 ground part

45 ammeter

52 heat transfer gas supply source
62 gas supply source

71 chiller unit

75 heater

81 support pin

84 motor

100 control device

105 process execution unit

110 acquisition unit

115 control unit

120 storage unit

200 measuring device

202 ionizer

204 ammeter

206 surface electrometer

The invention claimed is:

1. A de-chuck control method for de-chucking a work-
piece from an electrostatic chuck, which includes a chuck
electrode and is configured to electrostatically attract the
workpiece, the de-chuck control method comprising the
steps of:

acquiring a time-integration value of a current based on a

result of measuring the current flowing from the chuck
electrode for a predetermined time period after a
plasma process on the workpiece is ended and a voltage
applied to the chuck electrode during the plasma pro-
cess is turned off;

calculating a difference between the acquired time-inte-

gration value of the current and a predetermined elec-
tric charge that is charged to the chuck electrode when
the voltage is applied to the chuck electrode during the
plasma process;
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calculating a counter voltage according to a residual
charge of the electrostatic chuck based on the calcu-
lated difference;
applying the counter voltage to the chuck electrode;
raising a support pin for supporting the workpiece and
de-chucking the workpiece from the electrostatic chuck
after the counter voltage is applied to the chuck elec-
trode, and turning off the counter voltage, and

determining whether the calculated difference is greater
than a predetermined threshold value;

wherein the counter voltage is applied to the chuck

electrode when the calculated difference is determined
to be greater than the threshold value.

2. The de-chuck control method as claimed in claim 1,
wherein the current measured for the predetermined time
period corresponds to a current that flows immediately after
the voltage applied to the chuck electrode is turned off.

3. The de-chuck control method as claimed in claim 1,
wherein the current measured for the predetermined time
period corresponds to a current that flows immediately after
an opposite polarity voltage that is applied to the chuck
electrode is turned off.

4. The de-chuck control method as claimed in claim 1,
wherein the time-integration value of the current measured
for the predetermined time period is measured by an amme-
ter arranged between the chuck electrode and a DC voltage
supply.

5. The de-chuck control method as claimed in claim 1,
wherein the determination of whether the difference is
greater than the predetermined threshold value is executed in
lot units or in units of a predetermined number of work-
pieces to be processed.

6. The de-chuck control method as claimed in claim 1,
wherein

a heater is arranged within or near the electrostatic chuck;

the heater is divided into a plurality of zones;

the chuck electrode and a DC voltage supply are provided

for each of the zones; and

the counter voltage is calculated for each of the chuck

electrodes of each of the zones and applied to each of
the chuck electrodes of each of the zones.
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7. The de-chuck control method as claimed in claim 1,
wherein

the chuck electrode is divided into twin electrodes;

a DC voltage supply is provided for each of the twin

electrodes; and

the counter voltage is calculated for each of the twin

electrodes and applied to each of the twin electrodes.

8. The de-chuck control method as claimed in claim 1,
wherein the predetermined time period is selected from a
time range after the voltage applied to the chuck electrode is
turned off until a peak of the current that flows from the
chuck electrode reaches 20-80%.

9. A control device for a plasma processing apparatus
including an electrostatic chuck, which includes a chuck
electrode and is configured to electrostatically attract a
workpiece, the control device comprising:

an acquisition unit configured to acquire a time-integra-

tion value of a current based on a result of measuring
for a predetermined time period the current that flows
from the electrostatic chuck after a plasma process on
the workpiece is ended and a voltage applied to the
workpiece during the plasma process is turned off; and

a control unit configured to calculate a difference between

the acquired time-integration value of the current and a
predetermined electric charge that is charged to the
electrostatic chuck when the voltage is applied to the
chuck electrode during the plasma process, calculate a
counter voltage according to a residual charge of the
electrostatic chuck based on the calculated difference,
apply the counter voltage to the chuck electrode, raise
a support pin for supporting the workpiece and de-
chuck the workpiece from the electrostatic chuck after
the counter voltage is applied to the chuck electrode,
and turn off the counter voltage,

wherein the control unit if further configured to determine

whether the calculated difference is greater than a
predetermined threshold value, and

wherein the counter voltage is applied to the chuck

electrode when the calculated difference is determined
to be greater than the threshold value.
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